INTRODUCTION

Background
Ecological momentary assessment (EMA) has become an increasingly favored methodology over traditional "paper and pencil" diary methods. EMA maximizes ecological validity, minimizes recall bias, and allows for the examination of micro-contexts that influence behavior (Shiffman, Stone, & Hufford, 2008) . However, EMA compliance remains an important methodological concern. For instance, individuals may not respond to all prompts or cues to report experiences, or may otherwise systematically avoid reporting; both instances may introduce important biases into data collection. This paper sought to examine factors related to EMA compliance among adolescents from a longitudinal study of smoking patterns.
Compliance issues with traditional paper self-report methods have often centered around participants' failure to report behavior and surrounding events at the time of their occurrence, and then retroactively reconstructing these events at the time of data collection . Stone, Shiffman, Schwartz, Broderick, and Hufford (2002) have reported that up to 90% of events may be retrospectively back-filled by participants to give the appearance of good compliance. Concern about the falsification of paper diary entries has prompted the development of better diary tools, specifically the development of electronic diaries for EMA. While implementation of EMA methods vary, they all involve the repeated measurement of a subject's behavior and experiences in real time -often using a programmed, time sensitive signaling device and an associated data collection modality such as interactive voice response (IVR), paper diary, or electronic diary.
EMA Compliance
Unlike paper diaries, electronic diaries and IVR enable the use of timestamping, a key feature in improving and assessing compliance. Making participants aware that their electronic diary assessments are electronically timestamped and, by extension, resistant to back-filling should improve momentary compliance with EMA protocols (Hufford & Shiffman, 2003) . It is reassuring then that many studies employing electronic diaries for EMA report compliance rates upward of 90% (Cain, Depp, & Jeste, 2009; Hufford & Shiffman, 2003; Stone et al., 2003) .
Such compliance rates, however, are not universal with some electronic diary studies showing compliance rates below 75% (Jamison et al., 2001) . To determine whether such data missingness may bias estimates of aggregated scores it is important to establish first whether specific characteristics of measurement occasions are systematically associated with EMA noncompliance.
Data Missingness
Data missingness is inherent to EMA protocols, and methods for addressing such concerns necessitate an expanded awareness of potential predictors of missingness. Current approaches to managing missing data, such as multiple imputation (MI), typically assume that the data are either missing at random (MAR) or missing completely at random (MCAR) (Schafer & Graham, 2002) . That is to say, missing data points are either a random sample from the full dataset (MCAR) or a non-random sample of data where the predictors of missingness are known (MAR). When data missingness cannot be predicted by other variables in the dataset, or are only predicted by the missing variable of interest, it is considered not missing at random (NMAR).
While MI for data that are NMAR is possible, currently established MI methods typically underestimate variance for data with more than 5% missingness and should not be used at all when missingness is above 25% (Scheffer, 2002) . As the assumption of MCAR is highly restrictive, it is important for EMA researchers to evaluate potential predictors of missingness to better maintain the MAR assumption and avoid biasing their effect estimates.
Purpose of Study
This study addresses the question of which factors may be associated with compliance to random prompts in an EMA protocol. Although extant literature on predictors of compliance with EMA remains sparse, several studies have examined potentially important empirical predictors of compliance. These studies have focused primarily on background, subject-level factors that might be associated with poor response rates. Adolescents with learning difficulties in school were found to be less compliant with EMA than their peers (Salamon, Johnson, Grondin, & Swendsen, 2009 ). While Palermo et al. (Palermo, Valenzuela, & Stork, 2004) found significant gender differences in compliance, others have not identified such an effect (Hacker & Ferrans, 2007) . Additionally, there is some evidence that substance use, particularly polysubstance use predicts EMA non-compliance (Serre et al., 2012) . Although these studies provide some general insights about compliance overall in particular populations, they do not provide much guidance within a given population of interest about what might predict compliance.
In addition to subject level characteristics that may be associated with overall compliance, factors predicting compliance to random prompts at the prompt level may be of equal if not greater empirical interest. EMA studies often examine relationships between momentary contextual variables and a behavior of interest. To the extent that the contextual variables influence an individual's probability of responding to EMA signaled prompts, conclusions about the relationships between these variables may be biased. Courvoisier, Eid and Lischetzke (2012) found that although compliance varied throughout a day and across a study week, individual personality characteristics were not predictive of prompt-level compliance.
Additionally, although they did not examine prompt-level compliance directly, Stone et al.
FACTORS AFFECTING COMPLIANCE: A CONCEPTUAL MODEL
Overview
We were guided by a multi-level ecological and social-cognitive framework to view compliance as a function of (1) background characteristics of an individual, (2) characteristics of the behavior itself, (3) demands of monitoring protocols, and (4) in-the-moment contextual influences. As evidenced previously, most investigations of EMA compliance to date have focused on evaluating the effects that background individual differences may have in predicting compliance. These investigations primarily aimed to establish the representativeness of their data between putative sample subgroups. However, incorporating additional information from the behavioral and contextual level may be useful in identifying systematic biases in compliance.
Behavioral Factors
Problems with EMA compliance at the behavior level may be conceptualized as consequences of the specific research question being addressed and the population being targeted. In their study of treated alcoholics, Litt, Cooney, & Morse (1998) found that drinking alcohol was associated with a failure to respond to subsequent EMA signaling. Additionally, multiple discrepancies were discovered between EMA records and detailed time-line follow back in nearly half of study participants. These results showed a remarkably clear deficit in EMA compliance associated with the very behavior being assessed.
Contextual Factors
Contextual problems with EMA compliance can result from collecting data in real time in naturalistic contexts. Such problems are specific to the different situations in which the EMA is used, independent of the research question. For example, compliance may decrease during specific times of the day, during working hours, or during social situations when recording might be socially inappropriate or embarrassing to participants. Unfortunately, such problems may limit the generalizability of study findings.
Problems with EMA compliance at the contextual level can lead to erroneous and potentially spurious research findings. For example, Kudielka, Broderick, and Kirschbaum (2003) tested how accurately subjects would comply with instructions to collect saliva samples at six specific times during one day. Sample collection times were recorded by participants in a time table, but were also collected covertly and objectively through electronic timestamping in the sample vials. Subjects were divided into two groups, one informed about the covert collection of data and one uninformed. As expected, uninformed subjects significantly overreported their subjective compliance compared to informed subjects. Additionally, uninformed subjects significantly over-reported their compliance compared to their own covertly recorded compliance levels. Non-compliance among uninformed subjects was limited to assessments early in the morning after waking -which is an empirically and diagnostically interesting period during which cortisol levels spike. Uninformed subjects consistently provided samples after the required time frame, when cortisol levels had dropped. The resulting profiles of salivary cortisol in uninformed subjects thus revealed a significantly muted morning cortisol response, a misleading finding when compared to the profiles of informed subjects. The systematic noncompliance to the data collection procedures threatens the validity of the inferences drawn from the unrepresentative cortisol profiles and highlights the dangers of interpreting data derived from studies where potential context-level problems with compliance are not fully explored.
Any of a variety of exogenous factors (i.e. social desirability, task burdensomeness, response scheduling, social context, etc.) may cause context-specific difficulties for compliance.
While the use of electronic diaries in EMA research has drastically improved compliance, the presence of systematic predictors of non-compliance to electronic diaries may still bias study results.
AIMS
This study aimed to identify predictors associated with EMA compliance among adolescents in a natural history study of smoking. We examined (1) the effect of individual difference and behavioral factors in predicting overall level of responding to random prompts over a 7-day monitoring period; and (2) the effect of contextual factors in predicting compliance at the subsequent random prompt assessment point. We selected potential predictors based on a broad consideration of both background individual differences and momentary contextual factors that might affect responding. At the overall subject-level of compliance, we examined the role that gender, race, age, academic performance (Grade Point Average --GPA), psychological symptoms (depression, anxiety, antisocial behavior), home composition (number of parents in household, number of siblings), overall daily mood, smoking rate, and alcohol use may play in predicting compliance. Likewise, at the prompt level we examined the effects of the most proximal random record of mood (positive and negative affect), hunger, practice/experience (study day), day of week, inter-prompt interval, social context (being with friends), and location.
In general, we expected that the following factors would be associated with lower levels of overall compliance: male gender, lower GPA, higher levels of psychological symptoms, more siblings in the household (leading to more distractions), lower overall mood, higher levels of smoking, and greater alcohol use. We did not have specific directional hypotheses for race, age, or number of parents in the household. At the prompt level, we expected that being with friends, being outside home locations, experiencing increased negative affect, and shorter inter-prompt interval (increased participant burden) would be associated with missing the next prompt. We did not have specific directional hypotheses for positive affect or hunger states.
METHODS
Participants
Data for this study come from a longitudinal study examining the social and emotional contexts of adolescent smoking behavior. Participants were recruited from 16 schools in the Chicago metropolitan area. All 9 th and 10 th grade students in these schools (N = 12,970) completed a screening survey about smoking behaviors and invitations to participate were mailed to eligible students and their parents. Of the 3,654 recruited to participate 1,344 (36.8%) initially agreed and 1,263 (94.0%) completed baseline data collection. All students agreed to participate in several aspects of the longitudinal program project that included paper and pencil questionnaires, in-person interviews, and for a subset of participants, family interviews, psychophysiological assessment, and a week-long EMA event sampling via handheld computers (electronic diaries). We report here on data from the baseline data collection period.
Of those 1,263 students who completed the baseline assessment, a subsample composed only of adolescents who reported smoking at least once during the past 12 months were selected to participate in the electronic diary study; 461adolescents (55.1% female; 53.2% in 10 th grade; 56.8% White, 15.8% Black, 20.0% Hispanic, 2.8% Asian/Pacific Islander, and 4.6% were Other) completed the baseline electronic diary potion of the study. A majority (57.6%) had smoked at least one cigarette in the past month at baseline. Parental consent and student assent was obtained prior to enrollment in the study.
All participants in the electronic diary portion of the study received training on how to use the electronic diaries. The electronic diary was programmed with random prompt interviews and smoking-related interviews (event-recorded; not prompted). Data from this study come from the random prompt interviews. Following training, participants carried the electronic diary for 7 days, with the devices randomly prompting them on average 5-7 times per day. Each random prompt was date-and time-stamped and recorded whether the prompt was completed, missed, delayed, or abandoned. Devices included both suspend and prompt delay features to facilitate compliance. Participants completed a total of 14,105 random prompts (mean 30; range 7-71).
Measures
Non EMA Self-Report Measures
Background Variables
Demographics included self-reported gender, age, and race/ethnicity.
Academic Achievement was based on participants' self-reports of their average grade in the current academic year (GPA).
Home Composition included the number of siblings and biological and step-parents living in their household.
Psychological Symptomatology included anxiety, depressive, and antisocial behavior symptoms.
Adolescent anxiety symptoms were assessed with twelve items from the Mood and Anxiety Symptom Questionnaire (Watson & Clark, 1991; Watson et al., 1995) . The abbreviated version used in this study contains items from the anxious arousal subscale. Adolescents rated the extent to which they felt specific symptoms in the prior week on a 5-point Likert scale, ranging from 1 (not at all) to 5 (extremely). Individual item scores were summed to create a full scale score that was highly internally reliable (coefficient α = .81 in the current sample). Prior research supports the validity of the MASQ in both adult and adolescent samples (Reidy & Keogh, 1997; Richey, Lonigan, & Phillips) .
Adolescent depressive symptomatology was assessed using the Center for Epidemiological Studies -Depression (Radloff, 1977) . The CES-D is a 20 item measure assessing the weekly frequency of depressive symptoms, ranging from 0 (rarely) to 3 (most or all of the time). Item responses were summed to create a scale score with high internal reliability (coefficient α = .89 in the current sample). Prior research supports the validity of the CES-D in an adolescent sample (Radloff, 1991) .
Adolescent aggressive and antisocial behavior was assessed using a 22-item survey derived from a reduced set of the 46 item Antisocial Behavior Checklist (Noll, Zucker, Fitzgerald, & Curtis, 1992) and several items from a longitudinal study of adolescent problem behavior (Windle, 1992) . The 22 current items tested core aspects of DSM-IV Conduct Disorder aligned across six domains of behavior: aggression, deceit, police contact, rule violation, theft, and vandalism. Participants responded to all items with the following choices: "Never," "Rarely -Once or twice," "Sometimes -3 to 9 times," "Often -More than 10 times." Sum scores were calculated for the full scale (coefficient α = .88) and all subscales.
Behavioral Variables
Smoking Rate: We created a measure of participant monthly smoking rate by multiplying 
EMA Collected Measures
Affect: We created measures of participants' positive and negative affect means and variability by aggregating EMA event-level ratings of affect to the subject-level. Participants rated their mood "Before the signal" by evaluating how strongly they felt about a set of 10 adjectives on a 10-point scale using a visual ladder (i.e. "Before the signal I felt… happy"). Factor analysis identified two distinct factors for positive affect (Happy, Relaxed, Cheerful, Confident, Accepted) and negative affect (Angry, Frustrated, Irritable, Sad, Stressed). Event-level ratings were used to predict compliance in-the-moment while aggregated scores were used to predict compliance at the overall subject-level.
Social Context: Participants reported whether they were or were not currently "with friends." All other social contexts, including being alone or being with non-friend others, were coded as not being with friends.
Location: Participants reported their location. We created a categorical variable with levels corresponding to home, school, and an aggregate of all other locations. Hunger: Participants reported their level of hunger on a 10-point scale using a visual ladder.
Automatically Collected Variables: Day of the week and number of days with the EMA computer (ranging from 1-8) were automatically collected by the electronic diaries. Day of the week was recoded into a categorical variable with levels corresponding to weekdays and weekend days. Inter-prompt interval was calculated from timing data collected by the EMA device.
Outcome Measures
Overall Compliance: Overall compliance was measured as the proportion of participants' completed random EMA prompts to their own total number of prompted EMA events. Delayed prompts were not counted against the participant's compliance rate and were only counted as one prompt.
Prompt-Level Compliance: In addition to predicting overall compliance with random prompts, we were interested in examining whether the most proximal prior contextual variables predicted whether the next random prompt (within 150 minutes) was completed or missed. We identified pairs of random prompts that occurred within 150 minutes, with the criteria that the first prompt of the pair was completed. The outcome was whether the subsequent random prompt was completed or missed. We identified 7,745 total random prompt pairs (456 participants; M=17.0 prompts per participant, SD=5.64, range: 1-48) that met these criteria. Of these pairs, 6332 were ones in which the second prompt was competed (complete-complete; 456 participants; M=13.9, SD=5.7; range: 1-43), and 1413 were ones in which the second prompt was not completed (complete-incomplete; 427 participants; M=3.1, SD=1.9, range: 0-10). Twenty-nine participants had zero complete-incomplete pairs. Two participants were identified as potential outliers; excluding these participants did not significantly affect study findings and they are included in the final results.
Analysis Plan
We analyzed our data in two separate steps: (1) a backwards selection of background and behavioral factors predicting overall compliance (level of completed prompts over the week), and (2) a logistic model of contextual, and significant background and behavioral factors predicting prompt-level compliance (whether the second part of two linked pairs of prompts was missed). First, a general linear model using the backwards method was estimated using the GLMSELECT procedure in SAS 9.2. The GLMSELECT procedure extends the forward, backward, and stepwise methods available in traditional regression analyses to general linear models (Cohen, 2006) .
Second, factors predicting compliance in-the-moment were entered together into a logistic mixed model using the GLIMMIX procedure in SAS 9.2. Those individual differences that were found to predict compliance at the overall level were also included at the prompt level.
Adolescents' responses/scores on these factors were included at each assessment, using the same score across all EMA events. This strategy both controls for the effects of subject-level predictors of compliance and determines whether these factors affect compliance at the prompt level. We included both the subject-level measures of mean negative and positive affect, as well as the prompt-level deviation of a subject's affect from their own mean in this model. This approach enabled us to estimate both the between subject (BS; mean) and within subject (WS; deviation) effects of mood on compliance. A random subject effect was included in the model to account for the clustering of the prompt-level observations within subjects (Hedeker & Gibbons, 2006) . The model was used to estimate those factors which predict non-compliance with random prompts. Population-averaged odds ratios for factors predicting non-compliance were calculated from the estimated fixed effects.
RESULTS
Predicting Overall Level of Compliance
Overall mean compliance rates were 68.1% (SD=16.9% was associated with lower compliance.
To examine overall level of compliance, all background and behavioral variables were entered simultaneously into a general linear model using the backwards selection method.
Significance level to stay (SLS) in the model was defined at p<.10. Parameter estimates for the final selected model are displayed in Table 2 . Variables excluded from the final model include race, age, mean positive affect, positive affect variability, negative affect variability, number of siblings in household, number of parents in household, GPA, depression, anxiety, and antisocial behavior. Those effects selected to remain in the model suggest that being female and having lower mean negative affect, less smoking, and less alcohol use predicted higher subject-level compliance with EMA. as covariates in this model. Additionally, both BS (mean negative and positive affect) and WS (subject's in-the-moment deviation from their own mean) measures of affect were included in the model. These results show that several factors (positive affect WS, location, inter-prompt interval, and gender) are significant determinants of prompt-level non-compliance --that is, failure to respond to the next prompt that occurs within the 150 minute window. One of the four covariates included from the subject-level analysis, gender, significantly predicted prompt-level non-compliance. Although alcohol use and smoking rate predicted lower compliance at the overall, subject level, they were not predictive of prompt-level non-compliance. Populationaveraged odds ratios (ORs) and 95% OR confidence intervals for fixed effects are presented in Table 3 .
Predicting Compliance at the Prompt Level
DISCUSSION
Overview
This study identified several factors associated with overall and prompt-level EMA compliance among a sample of adolescents participating in a longitudinal study of smoking.
Although EMA methods offer many advantages over traditional retrospective diary or assessment methods, compliance with EMA methods may still present biases in data collection.
Electronic data collection methods, however, permit tracking of missing data occurrences in real time, providing potential opportunities to examine momentary predictors of noncompliance.
We considered compliance within a multi-level ecological framework, viewing an adolescent's responsiveness to random prompts as a function of momentary, proximal factors, such as the social context, mood states and location, as well as background contextual influences, including family context, overall psychological and academic functioning and demographics.
Unique to this study was our consideration of these multiple levels of influence on compliance within one model. Until now researchers have focused primarily on evaluating only those individual differences that distinguish EMA compliers from non-compliers. While this approach has been useful in identifying potential bias and subgroup differences in compliance, it does not facilitate addressing factors that may contribute to non-compliance in the moment. Our data also provide the first substantive evaluation of random prompt compliance, using the adolescent's own momentary self-reported states to prospectively predict subsequent prompt compliance.
Implications for Contextual and Behavioral Predictors
Our results illustrate the importance that participants' location and mood each have in determining random prompt compliance. Examination of mood data shows that both increased positive affect at the prompt level and higher overall negative affect had deleterious effects on compliance. We believe that adolescents who have higher overall negative affect may be less motivated to respond to EMA prompts across measurement occasions. Additionally, those adolescents who find themselves in relatively more positive emotional states (compared to their average mood) may be emotionally too stimulated and not have the cognitive resources available to fully attend to the EMA protocol. Participants completing random prompts outside the home had significantly greater odds of non-compliance. Many theoretically important events and/or emotional states that may trigger adolescent smoking events occur outside the home and thus may not be fully reported with this protocol. Counter to our expectations, longer inter-prompt intervals predicted greater non-compliance with random prompts. While EMA researchers are frequently concerned with the effects of participant burden on compliance, this finding reflects on the balance that must be drawn between over-and under-utilization of the EMA device.
Although having too-frequent prompts may be perceived as burdensome in an adolescent population, too-few prompts may lead to participants disengaging from the device and forgetting to attend to the EMA protocol. Finally, it is important to mention that a subject level factor predicting overall compliance (gender) was also found to predict compliance at the prompt level.
These results suggest that additional training or prompt signaling may be indicated for those individuals identified to be at risk for non-compliance.
Statistical Implications
The results of this study have meaningful implications for dealing with missing data when employing EMA methodology. Identifying significant predictors of data missingness at the overall and prompt level helps to maintain the MAR assumption. The possibility that missing data in EMA were only predicted by the actual missing value and thus NMAR is impossible to assess with the observed data. Thus, it is crucial that investigators routinely do analyses to find variables related to missingness. Variables that predict data missingness can then be included as covariates in EMA analyses to better satisfy the MAR assumption. Additionally, researchers may consider including integrated measures predictive of compliance (e.g. GPS for device location during missing prompts). Further investigation may identify other predictors of data missingness that may facilitate variable selection for EMA protocols.
Limitations and Summary
This study's findings are limited in part by examining compliance at only the baseline assessment wave. Because adolescents may develop improved executive functioning skills and coping strategies with age, those effects found to predict compliance in 9 th and 10 th graders may not be as predictive of compliance in older samples. Indeed, we have continued to follow this sample of adolescents over multiple waves and have found that compliance increases over time, perhaps both as a function of experience with the protocol and increasing maturity. However, compliance in older samples should not be taken for granted. An adequate investigation of factors predicting non-compliance in those samples is needed to identify bias and reveal potential targets for improving responding. We are currently applying the modeling approach used in this article to later data collection waves of this project.
A notable limitation of our findings about prompt-level compliance is that we assessed momentary factors not immediately in the missed prompt situation (which would not be possible by definition), but in close temporal proximity to the missed event (within prior 150 minutes, 85 minute mean interval). Much can change within that time frame -clearly the context may well change. However, we demonstrated an approach to modeling that may help inform investigations of associations between potential momentary factors and outcomes. In addition, although we included a relatively large number of predictor variables, other key factors associated with noncompliance were not systematically assessed. As this investigation focused exclusively on random prompts, we did not assess whether smoking behavior reported at the prompt level was associated with reduced compliance. Consistent with the deleterious effects of alcohol on compliance, such influences remain a possibility and should be explored with further studies.
Additionally, at the end of each data collection wave, we debriefed the participants about their missed prompts. By far, the most common explanation for the missed prompts was failure to hear the device's signal. Indeed, when participants were in noisy environments or when the device was deep in a participant's filled backpack, it was challenging to hear the device. Thus, non-participant factors also contributed to level of compliance. We also found that compliance can be improved. At subsequent data collection waves, we offered monetary incentives for achieving benchmark levels of compliance with random prompts and compliance levels increased significantly.
In sum, this study highlights an approach to investigating contextual and momentary predictors of compliance within EMA studies and also emphasizes the importance of considering potential biases that exist with missing data. More attention to missing data considerations with EMA data is needed to help further the field. Note. Depression was measured using the CES-D on a 0-60 scale; anxiety was measures using the MASQ on a 12-60 scale; antisocial behavior was measured using the Antisocial Behavior Checklist on a 22-80 scale (higher scores on all scales indicate more disordered symptomatology.
Negative and positive mood measured by aggregating prompt-level EMA measures. Affect variabilities represent intraindividual standard deviations measured through EMA. 30-day smoking rate represents total number of cigarettes smoked in prior 30 days. Note. Significant positive estimates indicate greater non-compliance. Weekday coding: 0 = weekday; 1 = weekend. With friends coding: 0 = alone; 1 = with friends. Model estimated using GLIMMIX procedure in SAS 9.2. ORs of continuous variables (positive affect, negative affect, hunger, inter-prompt interval, log smoking rate, alcohol use) are associated with one scale unit offsets from the mean.
*p <.05. WS = within subject (subject's momentary deviation in affect from their own mean). BS = between subject (subject's mean affect). 
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